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Abstract A theoretical scheme for bidirectional swapping quantum controlled teleportation is 
presented using the entanglement property of maximally entangled five-qubit state, i.e., Alice wants to 
transmit a entangled state of particle a to Bob and Bob wants to transmit a entangled state of particle b 
to Alice via the control of the supervisor Charlie.  
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Since the first creation of quantum teleportation protocol by Bennett [1], research on quantum 
teleportation has been attracting much attention both in theoretical and experimental aspects in recent 
years due to its important applications in quantum calculation and quantum communication. Several 
experimental implementations [2-4] of teleportation have been reported and some schemes of quantum 
teleportation have also been presented [6-10]. In 2000, Zhou et al presented a scheme for controlled 
quantum teleportation [11].  
In this paper, we present a bidirectional swapping quantum controlled teleportation scheme in 
which a maximally entangled five-qubit state initially shared by the sender (receiver) Alice, Bob and 
supervisor Charlie functions as a quantum channel. 
Recently, Brown et al. [12] arrived at a maximally entangled five-qubit state through an 
extensive numerical optimization procedure. This has the form: 
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are Bell states. 
Substituting formulas (2) into Eq. (1), Eq. (1) can be rewritten as 
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If Alice, Bob, and Charlie have particles , the quantum channel can be expressed as: 12,34,5
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Suppose that Alice has particle a in an unknown state:  
   0 1( 0 1 )aa a a                                                (5a) 
And that Bob has particle b in an unknown state:  
    0 1( 0 1 )bb b b                                                  (5b) 
Alice wants to transmit particle a to Bob and Bob wants to transmit particle b to Alice. 
The system state of the seven particles can be expressed as:  
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.                                 (6) 
In order to realize teleportation, first Alice performs a unitary transformation under the 
basis 00 , 01 , 10 , 11 , the unitary transformation may take the form 
1 2
0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0
A AU
                                        (7) 
which will transform Eq. (4) to the result 
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Then Alice and Bob have to perform Bell --state measurements on qubit pairs  1,A a ,  2 ,B b ,   
Respectively. Finally, Charlie performs a Von Neumann measurement on his single qubit. 
 In accordance with the principle of superposition, 
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following form [13] 
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Where 
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.and  0c 0 c  ，  1c 1 c  . 
As we pointed, the operator
1
,ˆ k iB  and 2,ˆ k jA  are called the transformation operators or “collapse 
operators”. If collapse operators 
1
,ˆ k iB  and 2,ˆ k jA  are unitary operator, According to the outcomes 
received, Alice and Bob can determine the state of particles  exactly by the inverse of the 2 1,A B
 collapse operators  and 
2
, 1ˆ( )k jA  1, 1ˆ( )k iB  . The unknown particle entangled state can be teleported 
respectively, so teleportation is successfully realized perfectly.  
After Alice and Bob two Bell –state measurements and Charlie Von Neumann measurements, 
the corresponding collapsed state of particle 1 2, A  will be 1 21 2
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For example, if Alice’s measurements result is 
1
1
A a , Bob’s measurements result is 21B b , the 
corresponding collapsed state of particle 1 2, ,B A C  will be  
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Then, if Charlie’s Von Neumann measurement result is 0
c
, the collapse operators 
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Obviously, Alice and Bob do not do anything; the Bidirectional quantum controlled teleportation 
is successfully realized. 
If Charlie’s Von Neumann measurement result is 1
c
, the collapse operators 
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Then, Alice and Bob operate unitary transformation 
2
ˆ
yA
 ,
1
ˆ
zB
  on particle respectively; the 2 1,A B
 Bidirectional quantum controlled teleportation is successfully realized. 
Similarly, according to the results of Alice and Bob two Bell –state measurements and 
Charlie Von Neumann measurement, Alice and Bob operate an appropriate unitary transformation; 
the Bidirectional quantum controlled teleportation is easily realized. 
In summary, we have proposed a scheme for  Bidirectional quantum controlled teleportation by 
maximally entangled five-qubit state. Our scheme may be widely useful to the future quantum 
communication and experiment.  
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